. This results from an increase in Na influx, and a decreased sensitivity of I for Na in the range of [Na ] studied.
There is no evidence for a decrease in total pump capacity or for a functional Na / K-ATPase isoform shift. The rise in Na contributes to 21 the contractile adaptation and preservation of sarcoplasmic reticulum Ca content at the low heart rates of the dog with CAVB.  2003 European Society of Cardiology. Published by Elsevier Science B.V. All rights reserved.
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. Introduction
rent has been reported in the rat after myocardial infarction 1 [14, 15] . A similar long-lasting Na current was described During cardiac hypertrophy and heart failure, a rise in in human ventricular myocytes [16] . Actual measurements taining contractility, as it would increase Ca influx via increase (e.g. Refs.
[17-20]), others reporting no change the Na / Ca exchanger [1, 2] . With cellular remodeling (e.g. Ref. [21] ). In addition to this, there have been during these pathophysiological states, expression and / or observations, which could point in the direction of an 1 1 function of several of the Na transporters are affected, increase in [Na ] . One of these is the presence of a i 1 which can lead to an increase in [Na ] . Several studies negative force-frequency behaviour. This is observed in i have reported a decrease in activity of the Na / K-ATPase, the rat ventricle [22, 23] (see Ref. [24] for review), and 1 due to downregulation of the number of pumps and / or due during interventions which raise [Na ] [25, 26] . Other i to a shift in isoform expression (e.g. in rat [3] [4] [5] [6] , in dog indications are an increased contractile response to agents 1 [7, 8] , and in human [9] [10] [11] [29] . This contributes to main-7.35 with NaOH). When the Na concentration in the 1 taining function at low heart rates, but leads to a negative superfusion solution was varied, Na was replaced by 1 force-frequency behaviour. In addition, we found an N-methyl-D-glucamine. In order to abolish K -sensitive 21 increase in Ca influx via the Na / Ca exchanger [30] . conductances and Na / Ca exchange, 2 mM BaCl and 5 2 These dogs are also more sensitive to the pro-arrhythmic mM NiCl were added to the test solutions. The Na / K 2 1 effects of ouabain [29] . All of these findings suggest an pump was suppressed by omitting K from the superfusion 1 increase in [Na ] . In the present study we have therefore solution, and activated by rapidly superfusing with a 5. internal solution with 100 mM Na and 0 K was used. bath was kept constant at 36 8C. The standard extracellular dialysis we used the sensitivity of Na / K pump for internal 1 1 superfusion medium contained (in mM): 144 NaCl, 0 or Na as a probe to estimate Na near its intracellular 5.4 KCl, 0.5 MgCl , 1.8 CaCl , 10 Hepes, 5 glucose (pH binding sites facing the subsarcolemmal space. Na / K 1 pump activity was measured as the current generated by briefly switched to a solution with 5.4 mM K . Fig. 2A superfused with 0 mM K , 150 mM Na test solution. sensitivity of the Na / K-ATPase.
1
After an equilibration period of about 3 min, the Na gradient was abolished by clamping the holding potential 3 .3. Is the Na /K-ATPase downregulated? [Na ] is accompanied by a shift of the holding current in was caused by a downregulation of functional Na / K pump e the outward direction. The Na / K pump was inhibited by molecules, we measured the maximally activated I . Ref. [39] for review). Na / K pump to extrude Na was not different in control creasing [Na ] and the activation curve in CAVB cells described, a1 and a3 [4, 7, 8, 40] . The a1 is the dominant pip was shifted to the right (P,0.01). This indicates that the isoform, and represents around 85% of all a protein in the 1 sensitivity of I for Na was less in the CAVB group. normal dog heart. The a3 isoform has a higher sensitivity p i for cardiac glycosides, but a lower affinity towards internal Lower trace, membrane current; zero current level is indicated by the horizontal line at the bottom of the calibration mark. Holding potential: 220 mV; cell clamped at 0 mV and the cell was superfused with 10 mM Na for 3 min. I was measured at 220 mV with 5.4 mM K in the presence of 150 mV Na . I was the same in control and CAVB. At 10 M DHO, p the concentration that inhibits half of the low-affinity pumps, we did not observe a difference either, again consistent with the absence of an alteration in isoform composition in CAVB.
. Discussion

1
In this study, we investigated the subsarcolemmal Na concentration in compensated cardiac hypertrophy in dogs potential: 220 mV, 6-27 cells from six hearts). Data were fitted according electron probe analysis [44] . Fig. 1A is consistent with to a two-binding site Hill equation [41] : percentage inhibition5(1003f 3 1 these reports and it illustrates that, even at a holding
potential of 220 mV, and a small driving force for Na , I p the dissociation constants, f and f the fractions of high, respectively 1 2 transients occur when the Na / K pump is switched on after to be higher than [Na ] indicating that the background curve could be fitted according to a two-binding-site model
Na influx markedly influences local [Na ]. Therefore, [41] indicating the presence of Na / K pump binding sites 1 local [Na ] seen by the binding sites of the Na / K pump with different affinities towards DHO. From this fit, we and the Na / Ca exchanger may markedly deviate from could deduce that the high affinity sites, or the a3 isoform, concentrations found in the cytosol of dialyzed cells, and represented 17% of the total I -generating sites. If the p can be higher as well as lower. To make the calibration fraction of high-affinity pump molecules contributing to I p an experimental procedure was designed to equalize blocked by the low concentration of DHO (10 M) would 1 1 [Na ] with [Na ] . With this procedure, we could be different. However, the fraction of I that could be indicates that the relative contribution of the a3 isoform to It is important to point out that Na gradients are much less likely to occur in non-dialyzed cells, at least in the no evidence for an altered contribution of the high-affinity steady state. Indeed, in physiological conditions, gradients a isoform in our CAVB hypertrophy model. The rightward are expected to occur only transiently upon abrupt changes shift of the curve therefore needs another explanation.
in the Na influx or Na efflux. One could thus argue that Recently, a novel mechanism regulating Na via the Na / K i 1 1
[Na ] should be measured in undialyzed cells. However, pump has been proposed to explain the reduction of [Na ] i this approach also has its inherent shortcomings, such as in ventricular preparations and cells of rabbits treated with the possibility that uncontrolled membrane potential angiotensin-converting enzyme (ACE) inhibitors [50] [51] [52] . 
.2. Intracellular Na in hypertrophic cells
be explained by an increase in the apparent affinity of the 1 1 main pump isoform for Na in favour of K binding. [48]). Although no direct explanation can binding may be lost, or at least be underestimated, when be found to explain these controversial findings, results cells are bathed in an angiotensin II-deficient medium after may be influenced by differences in the models of hyisolation. However, in the study by Rasmussen et al. [54] , pertrophy, the developmental stage of the hypertrophic the effects of ACE inhibition became only evident when 1 1 doubling of the Na influx. A similar rise in Na influx tration that is a few mM higher at rest than other cells was recently found in ventricular myocytes of the failing typically display a negative force-frequency relationship rabbit heart [19] .
(for review, see Ref. [24] ). The higher contractility at low A second factor that might contribute to an increased frequencies of stimulation has been related to suppression 1 21 [Na ] is an altered Na / K pump activity, i.e. The myocardial Na -H exchange: structure, regulation, and its myocytes. Am J Physiol 1998;275:H1808-H1817. role in heart disease. Circ Res 1999;85:777-786.
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